This paper presents experimental results on thermal performance of closed loop pulsating heat pipe (PHP) using copper tube having internal and external diameter with 2.0 mm and 3 mm, respectively. The equal length of evaporator and condenser section was maintained 50 mm, and adiabatic condenser section was maintained 100 mm. Two working fluids, ethanol and acetone, were used with mixing proportion of 6:1, 3:1, 1:1, 1:3 and 1:6, and filling ratios of 30%, 50%, and 70% by volume. The PHP, electrically heated in evaporator and air cooled in condenser with a constant length, was operated at inclined angle of 0°, 45° and 90° and heated power input in a range of 10-50 W. Experimental study on PHP indicated that working fluid was an important factor for the performance of PHP. The result showed that, with the proportion of acetone in the mixing composition increased higher, the thermal performance of PHP became better. The thermal resistance of PHP fell down as the input heating power rose up. It was observed that the performance was best with the volume proportion of ethanol and acetone of 1:6, the filling ratio of 50%, and the inclined angle of 90°.
INTRODUCTION
In the modern society, one of the biggest challenges is the energy problem. Since from the industrial revolution, resources like coal, oil, and natural gas have been almost exhausted. These fossil fuels are non-renewable, so it is very necessary to save energy resources reasonably. LED, being a solid cold light source, is the fourth generation of the new light source just behind of incandescent lamp, fluorescent lamp and high intensity discharge lamp. Compared with the traditional lighting, LED has the advantages of small volume, low power consumption, long service life and good stability [1] [2] . As the theme of today is energy saving and emission reduction, semiconductor lighting is becoming a new economic growth point and highly concerned by the academic and industrial circles. However, the LED light efficiency can only reach 10% ~ 20%, about 80% ~ 90% of the energy would convert to heat energy. If the heat energy generated by high power LED chips doesn't escape timely, the components will accelerate the ageing. Once the junction temperature exceeds the critical temperature, permanent failure of LED may take place [3] [4] [5] . Therefore, the heat problem has become an important factor that must be considered in the design of semiconductor lighting system. The most common cooling way for LED at present is the natural convection cooling through the fin heat sinks [6] . The fin heat sinks are made of aluminum, copper or other heat conductive metal. The fin heat sinks are made of aluminum, copper or other heat conductive metal. With the increase requirement of the LED power, the heat exchange area must increase also. The added area leads to increase of not only size and weight but also cost of manufacture [7] [8] [9] .
Consequently, the traditional method can not solve the heat dissipation problem of high power LED absolutely.
Pulsating Heat Pipe (PHP) was proposed by Japanese scholar H. Akachi in the late of 1990 [10] . The PHP was made of bent capillary which is vacuum pumped and filled with working fluids. It has the advantages of simple structure, low cost, high heat flux heat transfer characteristic and easy to be miniaturized [11] [12] [13] [14] . The merits of PHP make it a great potential application and development in the cooling of electronic components with high heat flux. As the internal phase change process of PHP is very complex, nonappropriate theoretical model which can describe the internal movement accurately has already been put forward so far [15] [16] [17] [18] [19] [20] . Currently, scholars research the heat transfer performance of pulsating heat pipe by means of experiments to explore the influence of working fluid, filling rate, inner diameter, inclination angle, heat input power, etc [21] [22] .
Working medium filled inside of the PHP is general a single fluid, which has limitations in application for the characteristics of latent heat, sensible heat, dynamic viscosity and surface tension [23] . Application of mixed refrigerant can combine both sensible heat and latent heat and reduce the viscosity and surface tension of a single fluid. It makes the pulsating heat pipe start up and transfer heat well [24] [25] . Therefore, researches on mixed refrigerant PHP will be a trend in the now and future. This paper mainly studies the application of mixtures of ethanol and acetone in a pulsating heat pipe. In the study, the effects of some important parameters (filling ratio, mixing proportion, heating power input, and inclined angle) on the thermal performance of PHP were experimentally investigated.
EXPERIMENTAL SETUP

Experimental setup
As shows in Figure 1 , the experimental devices consisted of a PHP, electric heating plate, air cooling system, thermocouples and an Agilent data acquisition device. The PHP, indicated in Figure 2 , was made up of a copper tube welded into five turns with external diameter of 3 mm and inner diameter of 2 mm. The equal length of evaporator and condenser section was maintained 50 mm, the length of adiabatic section was 100mm.Two types of working fluids, ethanol and acetone, were investigated at different mixing proportion of 6:1, 3:1, 1:1, 1:3 and 1:6, in different filling ratios of 30%, 50%, and 70% by volume. A Eyela DTC-41 vacuum pump was used to vacuum and fill in working fluid inside of the PHP. Before charging another working fluid, the PHP would be purged. The evaporator section of PHP was heated by electric heating plate with the power input in a range of 0-50 W.The heating power was obtained by measuring the electric current and voltage. The condenser section was cooled by forced air in a wind duct. An axial fan was installed at the outlet of a rectangular air duct (1800mm(L) *200mm(W) *150mm(H)).
Uncertainty analysis
Temperature difference between the evaporator and condenser is widely applied to evaluate the thermal performance of a PHP, and a lower value of thermal resistance usually means higher thermal performance. The overall thermal resistance of a PHP was defined as
The parameter e T and c T were the average wall temperatures of the evaporator and condenser respectively.
Where Q was the heating power input applied to the evaporator can be calculated as  Q UI (4) Standard uncertainties can be expressed: 
QR U QR
By checking the uncertainty for each heat input and working fluid, this was the maximum uncertainty for a small heating power and a low temperature difference.
RESULTS AND DISCUSSION
Effect of mixing proportion
The thermal resistance of pulsating heat pipe with different filling ratios (30%, 50% and 70% ) and mixing proportions (1:1, 1:3, 1:6, 3:1, 6:1) were shown in Figure 3 .The pulsating heat pipe was operated with the heat input power from 10W to 50W. It could be found that, for working fluids of PHP with different mixing proportions, thermal resistance decreased smoothly with the increasing heat input power. When the filling ratios were 30%, 50% and 70%, the PHP with mixing proportion of ethanol and acetone 1:6 showed better heat transfer performance than the PHP with other mixing proportions. What's more, the thermal resistance of pulsating heat pipe was the maximum with mixing proportion of 6:1 when the filling ratio was 30%. It turned to be that, the thermal resistance of PHP would be lower if the occupies of acetone in the mixing proportion got higher.
It was clear that, the performance of working fluid was mainly influenced by the thermo-physical characteristics. Besides, the latent heat of vaporization was the main characteristic that strongly affected the heat transfer performance of PHP. The boiling points and the latent heat of ethanol were larger than acetone. In addition, the dynamic viscosity of ethanol was significantly higher than that of acetone and the surface tension of ethanol and acetone was basically the same. To operate inside of the PHP, the working medium must overcome the friction, the surface tension and viscosity etc. Therefore, if the possession of ethanol in the mixing proportion got higher, it would be more difficult to overcome the dynamic viscosity for operation in the pulsating heat pipe. 
Effect of filling ratios
Compared with the Figure 3 (a) and (c), the thermal resistance of PHP in filling ratio 30% with heat input range from 10W to 50W was the maximum when the mixing proportion of ethanol and acetone was 6:1. While the mixing proportion of the maximum thermal resistance turned to be 3:1 when the filling ratio was 70% and heat input range was from 10W to 40W. It was observed that the thermal resistance of PHP with mixing proportion of 1:1, 1:3 and 6:1 appeared to be almost the same with heat input from 20W to 30W in filling ratio 70%.
It was indicated that the filling ratio impacted the oscillation of working fluid in the PHP obviously. For the PHP with lower filling ratio, it was more easily for the working fluid to evaporate in the evaporation section. The PHP with lower filling ratio would show better heat transfer performance if the heat flux was very low. Nevertheless, the heat transfer capability of the PHP was also limited to the small amount of the liquid working fluid. Consequently, the entire influence of the filling ratio on the thermal performance of PHP was based on the interaction between the driving force and the heat transfer capability of the working fluid. From the Figure 3 , it was observed that the heat transfer performance of PHP with mixing proportion 1:6 was much better than others from input power 10W to 50W. Moreover, PHP with lower filling ratio could start up easily. Therefore, pulsating heat pipe in filling ratio 30% and mixing proportion 1:6 was investigated in three cases (0 degrees, 45 degrees and 90 degrees), to find out how the inclined angle effect on the heat transfer performance of PHP. The heat pipe was arranged horizontally with inclined angle of 0 degrees and vertically with inclined angle of 90 degrees. From the figure 4 we could see that, thermal resistance of PHP with inclined angle of 0 degrees was obviously higher than that of 45 degrees and 90 degrees. With the increase of heat power, thermal resistance of PHP with inclined angle of 45 degrees and 90 degrees had a steady decline. While, thermal resistance of 0 degrees descended slowly during the input power of 10~40W and then ascended exceeding the heat power of 40W. As a result, heat transfer performance of pulsating heat pipe was the best when the inclination angle is 90 degrees.
Effect of inclined angle
CONCLUSIONS
In this paper, the effects of mixing proportion, heating power input, filling ratio by volume, and inclined angle on the thermal performance of PHP were experimentally investigated. Experimental study on PHP indicated that mixing proportion of working fluid was an important factor for the performance of PHP. The results showed that, with the proportion of acetone in the mixing composition getting higher, the thermal performance of PHP becoming better. The performance was the best when the volume proportion of ethanol and acetone was 1:6. High heat flux in evaporator section could enhance the oscillation of working fluid in the pipe. At the range of 10W to 50W, the thermal resistance of PHP fell down as the input heating power rose up. What was more, the filling ratio impacted the thermal performance of PHP obviously. The optimal filling ratio in this paper was 50%. Finally, the appropriate inclined angle of PHP was 90°. 
